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DESCRIPTION 

SPARK PLUG 

5 TECHNICAL FIELD 

[0001] This invention relates to a spark plug for an 
internal combustion engine and particularly to a spark 
plug having a heat resistance and a fouling resistance. 

BACKGROUND TECHNIQUE 

10 [0002] Heretofore, since in a spark plug used for 
ignition in an internal combustion engine such as an 
automotive gasoline engine, gasoline and air are mixed 
and combustion in a short time within a combustion 
chamber at an engine head, incomplete combustion is 

15 liable to be caused to allow carbon or the like to be 
adhered to a front end portion of an insulator of the 
spark plug, thus being causative of fouling. When a 
large amount of carbon is adhered to the front end 
portion of the insulator of the spark plug, spark is 

20 not produced at the front end of the spark plug but 
a leakage (electric leakage) phenomenon in which spark 
is produced at a different portion to which carbon is 
adhered. On the other hand, the carbon has a property 
of all being burned out when heated up to about 520 *C 

25 or more. By noticing such a character of carbon, it 
is generally used such a spark plug having a 
self -cleaning function of increasing in the 

temperature up to about 520 *C at a stretch and burning 
away carbon by itself. 
30 [0003] Further, a spark plug is configured so that a 
nearly tubular insulator, in which a center electrode 
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that produces spark discharge (spark) is disposed so 
as to protrude from a front end thereof, is fitted in 
a nearly tubular metallic shell. The diameter of the 
front end portion of the insulator is smaller than that 
5 of the axially intermediate portion thereof, and the 
stepped portion between the front end portion and the 
intermediate portion is adapted to engage the stepped 
portion provided to the inside of the metallic shell. 
Heretofore, a large gap between the front end portion 

10 of the insulator and the metallic shell has been 
considered effective for preventing spark jumping 
produced across the gap at the time of fouling of the 
insulator. However, if the width of the gap is made 
larger, the outer diameter of the metallic shell 

15 becomes larger and therefore the spark plug itself 
becomes larger in size. Thus, it has been proposed 
such a spark plug that is configured to make a gap be 
equal to or smaller than a predetermined value at a 
more front end side than an engagement position of the 

20 insulator and the metallic shell, thereby being 
capable of assuredly stopping intrusion of unburnt gas 
into the gap at the engagement position and preventing 
fouling of the spark plug (refer to, for example. 
Patent Document 1) . 

25 [0004] On the other hand, for the purpose of reducing 
the fuel consumption of the automotive vehicle, 
development of lean burn (combustion of a lean air-fuel 
ratio mixture) in the engine has been made, and when 
the engine is in such a lean burn condition the spark 

30 plug is required to carry out ignition assuredly and 
therefore it is necessitated to make higher the 
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ignition voltage of the spark plug. Thus, it has also 
proposed such a spark plug that is configured to 
provide the inside of the metallic shell with a stepped 
portion for engagement with the insulator and make the 
5 front end side of the insulator, which is positioned 
opposite to the corner of the stepped portion, be 
shaped to have the thickness that is equal to or larger 
than that of the joining portion between the stepped 
portion and the leg portion of the insulator, whereby 

10 the electrical insulation resistance of the insulator 
leg portion positioned opposite to the corner of the 
stepped portion of the metallic shell can be improved 
and production of a pin hole can be inhibited (refer 
to, for example. Patent Document 2) . 

15 Patent Document 1: Unexamined Japanese Patent 
Publication No. 2002-260817. 

Patent Document 2 : Unexamined Japanese Patent 
Publication No. 6-196247. 

[0005] However, in the spark plug described in the 
20 Patent Document 1, the engagement gap between the 
metallic shell and the insulator is designed to be 
small, thus being capable of preventing intrusion of 
unburnt gas but causing the thermal value to become 
low (low heat radiation rate, removal of heat being 
25 bad) since the small gap portion is short in the length 
in the axial direction of the spark plug, transfer of 
heat from the insulator to the metallic shell becomes 
difficult. As a result, the front end portion of the 
spark plug is excessively heated, thus causing a 
30 problem that there is a possibility of causing natural 
combustion (pre- ignition) before ignition. Further, 
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in the spark plug described in the Patent document 2, 
the width of the engagement gap between metallic shell 
and the insulator is adjusted so as to be large, so 
that while the thermal value is large, intrusion of 
5 unburnt gas cannot be prevented, thus causing a problem 
that fouling is liable to be caused. In this manner, 
by the technique described in the Patent Documents 1 
and 2, if one of the fouling resistance and the heat 
resistance (thermal value) is improved, the other is 

10 deteriorated, and therefore it is difficult to 
maintain both of the fouling resistance and the heat 
resistance good. 

SUMMARY OF THE INVENTION 
[0006] The present invention has been made with a view 

15 to solving the above - described problem and has for its 
object to provide a spark plug which can improve the 
heat resistance together with the fouling resistance. 
[0007] A spark plug of the present invention includes 
a nearly tubular insulator having an axial through hole 

20 and a first insulator stepped portion that reduces in 
outer diameter toward a front end side, a rod-shaped 
center electrode disposed in the through hole of the 
insulator, a metallic shell having a first metallic 
shell stepped portion that reduces in inner diameter 

25 toward a front end side and supporting the insulator 
through engagement of the first metallic shell stepped 
portion and the first insulator stepped portion by- 
interposing therebetween a packing, and a ground 
electrode connected at an end to a front end surface 

30 of the metallic shell and facing at the other end 
portion toward the center electrode for thereby 



forming a spark discharge gap between the other end 
portion of the ground electrode and the center 
electrode, characterized in that the insulator and the 
metallic shell, when observed in a section made by a 
plane including the axis of the spark plug, have 
therebetween a gap of less than 0.45 mm at a more front 
end side than an engagement position of the packing 
and the fist insulator stepped portion, and the gap 
is provided axially from a most front end side 
engagement position of the packing and the first 
insulator stepped portion as a starting point to a 
finishing point that is apart from the starting point 
by 1.2 mm or more toward a front end side while being 
apart from the front end surface of the metallic shell 
by 8.0 mm or more toward a rear end side. 
[0008] Further, the spark plug of the present invention 
is characterized in that the gap is provided axially 
from a most front end side engagement position of the 
packing and the first insulator stepped portion as a 
starting point to a finishing point that is apart from 
the starting point by 1.5 mm or more toward a front 
end side while being apart from the front end surface 
of the metallic shell by 10 mm or more toward the rear 
end side. 

[0009] Further, the spark plug of the present invention 
is characterized in that the insulator includes, at 
a more front end portion than the first insulator 
stepped portion, a second insulator stepped portion 
that reduces in diameter toward the front end side, 
the metallic shell includes, at a more front end side 
than the first metallic shell stepped portion, a second 



metallic shell stepped portion that increases in 
diameter toward the front end side, and the difference 
in outer diameter of the insulator between a front end 
and a rear end of the second insulator stepped portion 
is larger than the difference in inner diameter of the 
metallic shell between a front end and a rear end of 
the second metallic shell stepped portion. 
[0010] Further, the spark plug of the present invention 
is characterized in that the second insulator stepped 
portion, when observed in a section made by a plane 
including the axis of the spark plug, forms an included 
angle of 10 or more with a line parallel with the axis . 
[0011] Further, the spark plug of the present invention 
is characterized in that the rear end of the second 
insulator stepped portion is axially disposed at a more 
front end side than the front end of the first insulator 
stepped portion by an amount ranging from 1 to 6 mm. 
[0012] Further, the spark plug of the present invention 
is characterized in that the rear end of the second 
insulator stepped portion is axially apart from the 
front end surface of the metallic shell by 7 mm or more. 
[0013] Further, the spark plug of the present invention 
is characterized in that the rear end of the second 
insulator stepped portion, when observed in a section 
made by a plane including the axis of the spark plug, 
is axially apart from the rear end of the second 
metallic shell stepped portion as a starting point by 
an amount ranging from -0.5 to 3 mm wherein the amount 
apart from the starting point toward the front end side 
is designated by a positive value. 

[0014] Further, the spark plug of the present invention 



is characterized in that the packing is made of a 
material having a thermal conductivity of 200W/m • k or 
more, in addition to the structure of the invention 
described in any of claims 1 to 7 . 
5 [0015] Further, the spark plug of the present invention 
is characterized in that a thread portion is formed 
on an outer circumferential surface of the metallic 
shell and the nominal designation of the thread portion 
is M12 or less. 
10 [0016] The spark plug of the present invention is 
characterized in that the axial length from a front 
end of the thread portion to the front end of the 
metallic shell is 2.5 mm or more. 

[0017] The spark plug of the present invention is 

15 characterized in that the distance from the front end 
of the metallic shell to the most front end side 
engagement position of the packing and the first 
insulator stepped portion is 2 mm or more. 
[0018] Further, the spark plug of the present invention 

20 is characterized in that the center electrode includes 
a first center electrode stepped portion increasing 
in outer diameter toward the rear end side, a center 
electrode smaller diameter portion connected to a rear 
end side of the first center electrode stepped portion, 

25 a second center electrode stepped portion connected 
to a rear end side of the center electrode smaller 
diameter portion and increasing in outer diameter 
toward the rear end side, and a center electrode larger 
diameter connected to the rear end side of the second 

30 center electrode stepped portion, and the front end 
of the insulator is positioned between the first 



insulator stepped portion and the second insulator 
stepped portion when observed in a section made by a 
plane including the axis of the spark plug. 

[0019] According to the spark plug of the present 
invention, since when observed in a section made by 
a plane including the axis, the axial length of the 
gap between the insulator and the metallic shell, which 
gap is less than 0.45 mm and positioned at a more front 
end side than the engagement position of the packing 
and the first insulator stepped portion, is 1.2 mm or 
more, the heat received by the insulator is transmitted 
to the metallic shell rapidly. Accordingly, good 
removal of heat is attained and the pre-ignition can 
be effectively prevented. Further, since intrusion 
of unburnt gas (carbon) into the engagement gap between 
the insulator and the metallic shell is assuredly 
blocked, fouling of the front end side portion of the 
insulator can be prevented and an improved fouling 
resistance can be attained. Further, since the 
finishing point of the gap of less than 0 . 45 mm is apart 
from the front end surface of the metallic shell by 
8.0 mm or more, "internal firing" (phenomena of spark 
discharge being caused inside the metallic shell and 
in the gap between the metallic shell and the 
insulator) due to carbon adhered to the front end side 
of the insulator is hard to be caused. 

[0020] Further, according to the spark plug of the 
present invention, since when observed in a section 
made by a plane including the axis, the length of the 
gap between the insulator and the metallic shell, which 
gap is less than 0.45 mm and positioned at a more front 
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end side than the engagement position of the packing 
and the first insulator stepped portion, is 1.5 mm or 
more, intrusion of unburnt gas into the engagement gap 
between the insulator and the metallic shell can be 
5 prevented further assuredly and fouling of the front 
end side portion of the insulator can be prevented 
assuredly. Further, since the finishing point of the 
gap of 0 . 45 mm or less is part from the front end surface 
of the metallic shell by 9.9 mm or more, the internal 

10 firing is further hard to be caused. 

[0021] Further, according the spark plug of the present 
invention, since the difference in the outer diameter 
of the insulator between the front end and the rear 
end of the second insulator stepped portion is larger 

15 than the difference in the inner diameter of the 
metallic shell between the front end and the rear end 
of the second metallic shell stepped portion, it 
becomes possible to enlarge the gap between the front 
end side of the metallic shell and the front end side 

20 of the insulator while attaining a sufficient width 
of the front end surface of the metallic shell, thus 
making it possible to prevent the internal firing. 
[0022] Further, according to the spark plug of the 
present invention, the second insulator stepped 

25 portion forms an included angle of 10 or more with 
a line parallel with the axis, a large gap can be 
attained between the front end side of the metallic 
shell and the front end side of the insulator. 
Accordingly, the interior jumping due to carbon 

30 adhered to the front end side of the insulator can be 
further hard to be caused. 



[0023] Further, according to the spark plug of the 
present invention, since the rear end of the second 
insulator stepped portion is axially disposed at a more 
front end side than the first insulator stepped portion 
by an amount ranging from 1 to 6 mm, it becomes possible 
to adjust the length of an insulator leg portion formed 
over the distance from the axially front end portion 
of the insulator to the packing. Accordingly, an 
amount of heat radiated from an insulator base portion 
to the inner circumferential surface of the metallic 
shell can be adjusted and the thermal value (heat 
radiation rate) can be adjusted suitably. 
[0024] Further, according to the spark plug of the 
present invention, since the rear end of the second 
insulator stepped portion is axially apart from the 
front end surface of the metallic shell by 7 mm or more, 
a further excellent internal firing preventing effect 
can be attained. 

[0025] Further, according the spark plug of the present 
invention, since the rear end of the second insulator 
stepped portion is axially apart from the rear end of 
the second metallic shell stepped portion as a starting 
point by an amount ranging from -0.5 to 3 mm wherein 
the amount apart from the starting point toward the 
front end side is designated by a positive value, a 
sufficient amount of heat radiation from the heated 
insulator to the metallic shell can be obtained. 
Accordingly, the area of the inner circumferential 
surface of the metallic shell base portion transmitted 
from the insulator base portion to the metallic shell 
base portion can be made sufficiently large, thus 
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making it possible to obtain a sufficient amount of 
heat radiation from the insulator to the metallic shell 
and improve the heat resistance. Further, since 
intrusion of unburnt gas into the engagement gap 
5 between insulator and the metallic shell can be 
prevented further assuredly, fouling of the front end 
side portion of the insulator can be prevented further 
assuredly and the interior firing due to carbon adhered 
to the front end side of the insulator becomes further 

10 hard to be caused. 

[0026] Further, according to spark plug of the present 
invention, since the packing is made of a material 
having a thermal conductivity of 200W/m • k or more, the 
heat of the heated insulator is transmitted by 

15 radiation to the metallic shell by way of the packing. 
Accordingly, it becomes possible to improve the heat 
resistance of the spark plug. 

[0027] Further, according to the spark plug of the 
present invention, the nominal designation of the 

20 metallic shell is M12 or less. By this, a packing 
having a high thermal conductivity is disposed inside 
the metallic shell, the nominal designation of the 
thread portion of which is M12 or less. Accordingly, 
since a spark plug of a smaller nominal designation 

25 of screw thread causes the temperature of its front 
end portion to rise more rapidly as compared with a 
spark plug of a larger nominal designation of screw 
thread, a heat removal effect by the packing can be 
obtained largely. 

30 [0028] Further, according to the spark plug of the 
present invention, since the axial length from the 
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front end of the thread portion to the front end of 
the metallic shell is 2.5 mm or more, the front end 
side of the metallic shell protrudes into the 
combustion chamber of the cylinder head. 
[0029] Further, according to the spark plug of the 
present invention, since the distance to the most front 
end side engagement position of the packing and the 
first insulator stepped portion is 2 mm or more, it 
becomes possible to prevent the metallic shell from 
being excessively heated at the front end side and 
improve the heat resistance. 

[0030] Further, since the front end of the insulator 
is positioned between the first insulator stepped 
portion and the second insulator stepped portion, the 
edge formed at the joint between the center electrode 
maximum diameter portion and the second center 
electrode stepped portion, can be positioned axially 
at a more rear end side than the front end of the 
insulator. Accordingly, since the edge is disposed 
inside the front end portion of the insulator even when 
the center electrode smaller diameter portion and the 
second center electrode stepped portion are fouled, 
it becomes possible to prevent a spark from jumping 
from the edge as a base point to the ground electrode 
to cause leakage of electricity to the outer peripheral 
surface of the insulator. Further, since a spark 
jumping to the edge is not produced even when the center 
electrode smaller diameter portion is made smaller in 
diameter for thereby making higher the electric field 
strength with a view to improving the sparking 
performance, the leakage phenomenon of the spark plug 
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can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] FIG- 1 is a longitudinal partially sectional 
view of a spark plug 100 according to an embodiment 
5 of the present invention. 

FIG. 2 is an enlarged, partial, longitudinal 
sectional view of a front end side principal portion 
of the spark plug 100 of FIG. 1. 

FIG. 3 is a fragmentary enlarged view of a plate 
10 packing 8 and its adjacent portion of FIG. 2. 

FIG. 4 is a graph showing the result of a 
pre-delivery test of the spark plug 100, depending upon 
a variation of a minimum clearance jS ' . 

FIG. 5 is a graph showing the result of a heat 
15 resistance test of the spark plug 100, depending upon 
a variation of a length A of a clearance jS . 

FIG- 6 is a graph showing the result of a 
pre-delivery test of the spark plug 100, depending upon 
a variation of the length A of the clearance jS . 
20 FIG. 7 is a graph showing the result of a 

pre-delivery test of the spark plug 100, depending upon 
a variation of an angle 0 . 

FIG. 8 is a graph showing the result of a heat 
resistance test of the spark plug 100, depending upon 
25 a variation of the length Z. 

FIG. 9 is a graph showing the result of a 
pre-delivery test of the spark plug 100, depending upon 
a variation of the length Z. 

FIG. 10 is a graph showing the result of a 
30 pre-delivery test of the spark plug 100, depending upon 
a variation of a distance (X-Y) . 
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FIG. 11 is a graph showing the result of a 
pre-delivery test of the spark plug 100, depending upon 
a variation of the distance (X-Y) . 

FIG, 12 is a graph showing the result of a heat 
5 resistance test of the spark plug 100 in which a copper 
packing is used as the plate packing 8 and the spark 
plug 100 in which a soft steel packing is used as the 
plate packing 8 . 

FIG. 13 is a graph showing the result of a heat 
10 resistance test of the spark plug 100 which is varied 
in the nominal designation of screw thread in the 
respective cases where the copper packing and the soft 
steel packing are used. 

FIG. 14 is a longitudinal sectional view of a 
15 spark plug 200 according to a second embodiment of the 
present invention, in a state of being installed on 
an engine head 46. 

FIG. 15 is a graph showing the result of a heat 
resistance test of the spark plug 200, depending upon 
20 a variation of the distance H. 

FIG. 16 is an enlarged, fragmentary, longitudinal 
sectional view of a front end side principal portion 
of a spark plug 300 according to a third embodiment 
of the present invention . 
25 FIG. 17 is an enlarged, fragmentary, longitudinal 

sectional view of a front end portion of a spark plug 
according to a first variation. 

FIG. 18 is an enlarged, fragmentary, longitudinal 
sectional view of a front end portion of a spark plug 
30 according to a second variation. 

DETAILED DESCRIPTION OF THE INVENTION 
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[0032] Hereinafter, a spark plug 100 according to a 
first embodiment of the present invention will be 
described with reference to drawings. FIG. 1 is a 
longitudinal partially sectional view of the spark 
plug 100 according to the first embodiment of the 
present invention. FIG. 2 is a fragmentary 

longitudinal sectional view showing, in an enlarged 
scale, the front end side principal portion of the 
spark plug 100 of FIG. 1. FIG. 3 is an enlarged, 
fragmentary sectional view of a plate packing 8 and 
its adjacent portion. The spark plug 100 is used as 
a plug for ignition in an internal combustion engine 
such as an automotive gasoline engine. In the meantime, 
in the following description, an axis (one-dot chain 
line in FIGS. 1 and 2) of the spark plug 100 configured 
to have a rod-like shape is designated as "axis O" . 
Further, in FIGS. 1 to 3 , the lower side of the figure 
is designated as a front end side of the spark plug 
100 and the upper side of the figure is designated as 
a rear end side of the spark plug 100. 
[0033] Referring first to FIG. 1, brief description 
will be made as to the structure of the spark plug 100. 
As shown in FIG. 1, the spark plug 100 includes a nearly 
tubular metallic shell 1, a nearly tubular insulator 
2 disposed inside the metallic shell 1 and supported 
thereby in a way as to protrude from a front end surface 
60 of the metallic shell 1, a nearly rod-shaped center 
electrode 3 disposed in a through hole 6 of the 
insulator 2 in a way as to allow an electrode front 
end portion 36 to protrude therefrom, a ground 
electrode 4 having an end welded to the front end 
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surface 60 of the metallic shell 1 and the other end 
bent in the lateral direction so as to dispose an inner 
side surface thereof opposite to the electrode front 
end portion 36 of the center electrode 3 , etc . Further, 
5 as shown in FIGS. 1 and 2, between the ground electrode 
4 and the electrode front end portion 36 of the center 
electrode 3 is formed a spark discharge gap g. Further, 
in a main body of the center electrode 3 is embedded 
a core member 33 composed of Cu (copper) or Cu alloy 

10 for acceleration of radiation. Further, in the 
through hole 6 of the insulator 2 and at a rear end 
side thereof (an upper end side in FIG. 1) is disposed 
a nearly rod-shaped terminal member 13. In the 
meantime, since the core member 33 of copper is 

15 embedded deeply in an interior of the center electrode 
3, the spark plug 100 is strong against "heating" and 
can be used as a spark plug of the type that can be 
used over a wide temperature range. 

[0034] Then, the metallic shell 1 will be described. 

20 As shown in FIG. 1, the metallic shell 1 is made of 
metal such as low carbon steel and formed into a tubular 
shape to constitute a housing of the spark plug 100. 
At the front end side outer circumferential surface 
of the metallic shell 1 is formed a thread portion 7 

25 for attachment to an unshown engine head. As an 
example of the thread portion 7 can be used MIO, M12 
or M14 according to the standards. In the meantime, 
the nominal designation of the thread portion 7 herein 
used is what is prescribed in IS027 05 (M12 ) , 

30 ISO2704 (MIO) , etc. and it is natural that a variation 
of the thread portion within a range of tolerance 
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prescribed in the standards is admitted. Further, at 
the rear end portion in the direction of the axis O 
of the metallic shell 1 is formed a tool engagement 
portion 11 with which a tool such as a spanner or wrench 
is engaged by accessing thereto from the outside at 
the time of attachment of the metallic shell 1 to the 
engine head. In the meantime, the tool engagement 
portion 11 is hexagonal in section made by a plane 
extending across the axis O at right angles. 
[0035] Further, as shown in FIGS. 1 and 2, at a more 
front end side than the tool engagement portion 11 of 
the metallic shell 1 is formed a metallic shell base 
portion 54, and at the front end side of the metallic 
shell base portion 54 in the direction of the axis O 
are formed a metallic shell smaller diameter portion 

56 protruding radially inward of the metallic shell 
1 and a first metallic shell stepped portion 55 
connecting between the metallic shell smaller diameter 
portion 56 and the metallic shell base portion 54. 
Further, at the front end side of the metallic shell 
smaller diameter portion 56 are formed a metallic shell 
larger diameter portion 58 of an inner diameter 
intermediate between those of the metallic shell base 
portion 54 and the metallic shell smaller diameter 
portion 56 and a second metallic shell stepped portion 

57 connecting between the metallic shell smaller 
diameter portion 56 and the metallic shell smaller 
diameter portion 58. Accordingly, the metallic shell 
base portion 54, the first metallic shell stepped 
portion 55, the metallic shell smaller diameter 
portion 56, the second metallic shell stepped portion 
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57 and the metallic shell larger diameter portion 58 
are formed in this order in the direction of the axis 
O from the tool engagement portion 11 of the metallic 
shell 1 to the front end. In the meantime, the first 
5 metallic shell stepped portion 55 is a portion for 
engagement with a first insulator stepped portion 27 
of the insulator 2 which will be described later. 
Further, as shown in FIG. 1, at an intermediate portion 
of the metallic shell 1 in the direction of the axis 

10 O is formed a flange portion 61 protruding radially 
outward. Adjacent the rear end side (the upper end 
portion in FIG. 1) of the thread portion 7 in the 
direction of the axis O, i.e., on a seating surface 
62 of the flange 61 is disposed a gasket 10. 

15 [0036] Then, the insulator 2 will be described. As 
shown in FIG. 1, the insulator 2 is nearly tubular for 
holding therewithin the center electrode 3 . The 
insulator 2 is formed of alumina or the like by firing, 
as is well known. As shown in FIG. 1, in the insulator 

20 2 is formed a through hole 6 along the direction of 
the axis O of the spark plug 100. Further, into the 
rear end portion of the through hole 6 is inserted the 
nearly rod-shaped terminal member 13. The center 
electrode 3 has at least at a surface layer portion 

25 an electrode parent metal 21 composed of Ni (nickel) 
alloy such as Inconel (trade name) 600 or 601. 
[0037] Further, a resistor 15 is disposed in the 
through hole 6 at a location between the inserted 
terminal member 13 and the center electrode 3 . Further, 

30 at the front end portion and the rear end portion of 
the insulator 15 are disposed electrically conductive 



glass seal layers 16 and 17, respectively. By way of 
the glass seal layers, the center electrode 3 and the 
terminal member 13 are electrically connected to each 
other. In the meantime, the insulator 15 and the 
electrically conductive glass seal layers 16 and 17 
constitute a sintered electrically conductive 
material portion. In the meantime, the resistor 15 is 
comprised of a resistor composition constituted by 
using a mixture of glass powder and electrical 
conductive material powder (and ceramic powder other 
than glass powder according to the necessity) as a raw 
material. Further, to the rear end portion of the 
terminal member 13 in the direction of the axis O is 
connected a high voltage cable (not shown) by way of 
a plug cap (not shown) to apply thereto a high voltage. 
[0038] Further, as shown in FIG. 1, at an intermediate 
portion of the insulator 2 in the direction of the axis 
O is formed a flange- shaped protruded portion 23 
protruding radially outward from an outer 
circumferential surface of the insulator 2 . As shown 
in FIGS. 1 and 2, at the rear end side of the protruded 
portion 23 in the direction of the axis O of the 
insulator 2 is formed an insulator rearward portion 
24. On the other hand, at a more front end side than 
the protruded portion 23 is formed an insulator larger 
diameter portion 26. At the front end side of the 
insulator larger diameter portion 26 are formed an 
insulator intermediate diameter portion 28 smaller in 
the outer diameter than the insulator larger diameter 
portion 26 and a first insulator stepped portion 27 
connecting between the insulator intermediate 
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diameter portion 28 and the insulator larger diameter 
portion 26 to form a radial stepped portion. Further, 
at a more front end side than the insulator 
intermediate diameter portion 28 are formed an 
5 insulator front end portion 30 that is smaller in 
diameter than the insulator intermediate diameter 
portion 28 and reduces in diameter toward the front 
end side and a second insulator stepped portion 29 
connecting between the insulator front end portion 30 
10 and the insulator intermediate diameter portion 28 to 
form a radial stepped portion. 

[0039] As shown in FIG. 1, the insulator 2 is inserted 
into the metallic shell 1 through a rear end side (upper 
side in FIG. 1) opening portion and adapted so that 

15 the first insulator stepped portion 27 of the insulator 
2 engages the first metallic shell stepped portion 55 
of the metallic shell 1. Further, as shown in FIGS. 
1 and 2, between the first metallic shell stepped 
portion 55 of the metallic shell 1 and the first 

20 insulator stepped portion 27 is disposed a nearly 
ring-shaped plate packing 8. By engagement of the 
first insulator stepped portion 27 and the first 
metallic shell stepped portion 55 by way of the plate 
packing 8, removal of the insulator 2 through movement 

25 in the direction of the axis O is prevented. Further, 
between the opening portion inner surface at the rear 
end side of the metallic shell 1 and the outer 
circumferential surface of the insulator 2 is disposed 
a nearly ring-shaped packing 41 engaging the rear side 

30 circumferential periphery of the protruded portion 23 . 
At the further rearward side (upper side in FIG. 1) 



of the packing is disposed a filler layer 9 such as 
talc. By pushing the insulator 2 into the metallic 
shell 1 in the direction of the axis O and toward the 
front end side and caulking, under this condition, in 
a way as to drive the opening circumferential 
peripheral portion of the metallic shell 1 toward the 
packing 42, a caulked portion 12 is formed and the 
metallic shell 1 is fixed to the insulator 2 . 
[0040] Further, as shown in FIG. 1, on the rear end 
side outer circumferential surface of the insulator 
rearward portion 24 of the insulator 2 is formed a 
corrugated portion 40 having a section of a waved shape, 
which section is made by a plane including the axis 
of the insulator 2 . The corrugated portion 40 provides 
a waved shape to the outer circumferential surface of 
the insulator 2 thereby increasing the area of the 
outer circumferential surface of the insulator 2. 
Accordingly, in case, for example, leaked electricity 
flows along the outer circumferential surface of the 
insulator to cause leakage (leakage phenomenon) , the 
electricity is caused to disappear during flowing 
along the outer circumferential surface of the 
insulator 2 and therefore an effect of preventing 
leakage can be attained. 

[0041] Then, description will be made as to the ground 
electrode 4. The ground electrode 4 is made of metal 
having a high corrosion resistance, for example, Ni 
alloy such as Inconel (trade name) 600 or 601. The 
ground electrode 4 is nearly rectangular in cross 
section made by a plane crossing the longitudinal 
direction thereof at right angles and has a bent 
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rectangular bar-like external shape. As shown in FIG. 
1, an end of the rectangular bar is connected to the 
front end surface 60 of the metallic shell 1 by welding 
or the like. On the other hand, the other end of the 
5 ground electrode 4 is bent laterally so as to face the 
electrode front end portion 36 of the center electrode 
3 and in the direction of the axis O thereby forming 
a spark discharge gap g between the opposed surfaces 
of the center electrode 3 and the ground electrode 4. 

10 [0042] Then, description will be made as to a gap width 
(clearance) jS between the insulator 2 and the 
metallic shell 1 with reference to FIGS. 2 and 3. As 
shown in FIGS. 2 and 3, between the insulator 2 and 
the metallic shell 1 and at a more front end side than 

15 the plate packing 8 is formed a space Q. In the spark 
plug 100 of the first embodiment, let dl denotes the 
outer diameter of the insulator at a more front end 
side than the first insulator stepped portion 27 and 
Dl denotes the metallic shell at a more front end side 

20 than the first metallic shell stepped portion 55, the 
space Q adjusted so that the clearance i8 = (Dl-dl) is 
less than 0.45 mm has a predetermined length A. 
[0043] For this reason, in case the spark plug is used 
in an environment where fouling is liable to be caused, 

25 for example, at pre-delivery , intrusion of unburnt gas 
into the space Q can be prevented assuredly. This can 
prevent carbon from adhering to the surface of the 
insulator 2 to foul it. Further, as shown in FIGS. 2 
and 3, since the insulator intermediate diameter 

30 portion 28 and the metallic shell smaller diameter 
portion 56 are positioned so close to each other so 
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that a gap therebetween is less than 0.45 mm, the heat 
of the heated insulator 2 is readily transmitted from 
the insulator intermediate diameter portion 28 to the 
metallic shell smaller diameter portion 56 of the 
5 metallic shell 1 by way of the space Q. Accordingly, 
removal of heat of the spark plug 100 is performed 
efficiently, thus making it possible to improve the 
heat resistance of the spark plug 100 . Further, by the 
adjustment for making the space Q smaller, the spark 

10 plug 100 can be small-sized. In the meantime, 
confirmation of the effect attained by adjustment of 
the clearance jS of the space Q will be described later, 
[0044] Then, description will be made as to the length 
A over which the clearance jS of the space Q is provided, 

15 with reference to FIGS 2 and 3. As shown in FIG. 2, 
in the space Q, the length A over which the clearance 
adjusted to less than 0.45 mm is attained, is adjusted 
to 1 . 2 mm or more (preferably, 1 . 5 mm or more) . In this 
connection, the starting point of the length A over 

20 which the clearance jS is to be attained in the space 
Q, is a most front end side engagement position J of 
the plate packing 8 and the first insulator stepped 
portion 27 as shown in FIG. 3. 

[0045] Since as shown in FIG. 2, the length A over which 
25 the clearance i3 of the space Q is attained is adjusted 
to 1.2 mm or more (preferably, 1.5 mm or more), the 
heat of the heated insulator 2 is transmitted 
efficiently to the metallic shell smaller diameter 
portion 56 by way of the space Q. For example, in case 
30 the length A over which the clearance 13 of less than 
0.45 mm is attained is less than 1.2 mm, it is difficult 
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for the heat radiated from the insulator intermediate 
diameter portion 28 to be transmitted sufficiently to 
the inner circumferential surface of the metallic 
shell 1 by way of the space Q. Accordingly, removal 
of heat of the spark plug 100 becomes worse, thus 
causing the temperature of the front end portion of 
the spark plug to become higher and causing a 
possibility of pre-ignition to become higher. 
Further, the finishing point of the length A over which 
the clearance jS of the space Q is to be attained is 
positioned so as to be 7.9 mm or more (preferably, 9.9 
mm or more) away from the front end surface 60 of the 
metallic shell 1 toward the rear end side. By this, 
a sufficient gap between the metallic shell 1 and the 
insulator 2 can be attained over the length of 7.9 mm 
or smaller (preferably, 9.9 mm or smaller) from the 
front end surface 60 of the metallic shell 1, so that 
the internal firing that is a spark discharge caused 
between the metallic shell 1 and the insulator 2 by 
way of the space Q is hard to be caused. In the meantime, 
confirmation of the effect of adjustment of the length 
A over which the clearance iS of the space Q is attained 
will be described later. 

[0046] Then, description will be made as to the angle 
6 between the insulator intermediate diameter portion 
28 and the second insulator stepped portion 29 of the 
insulator 2 will be described. As shown in FIGS. 2 and 
3, it is assumed that when observed in a section made 
by a plane including the axis O, 0 is an angle between 
the imaginary plane extending from the insulator 
intermediate portion 28 of the insulator 2 toward the 
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f ront end side and the second insulator stepped portion 
29. In this connection, since the insulator base 
portion 28 is parallel with the axis O, the angle 6 
indirectly represents the angle between the axis O and 
5 the second insulator stepped portion 29. In the spark 
plug 100 of the first embodiment, the angle 6 is 
adjusted to lOD or more. By adjusting the angle 6 to 
lOD or more, a large space can be attained between the 
metallic shell larger diameter portion 58 and the 

10 insulator smaller diameter portion 30. Accordingly, 
it becomes possible to prevent the internal firing that 
is a spark discharge between the metallic shell 1 and 
the insulator 2 . On the other hand, when the angle 9 
is adjusted to less than 10 ' , the above-described 

15 effect cannot be attained. In the meantime, 

confirmation of effect attained by adjustment of the 
angle 0 between the imaginary plane formed by 
extending the insulator intermediate portion 28 of the 
insulator 2 toward the front end side and the second 

20 insulator stepped portion 29 will be described later. 
[0047] Further, as shown in FIG. 3, the diametral 
difference of the second insulator stepped portion 29, 
i.e., the difference in the outer diameter between the 
front end and the rear end of the second insulator 

25 stepped portion 29 is set larger than the diametral 
difference of the second metallic shell stepped 
portion 57 , i.e., the difference in the inner diameter 
between the front end and the rear end of the second 
metallic shell stepped portion 29 . By such design, the 

30 space between the inner circumferential surface of the 
metallic shell 1 and the outer circumferential surface 



of the insulator 2 can be increased without decreasing 
the width of the front end surface 60 of the metallic 
shell 1 as much as possible. 

[0048] Then, the length Z of the insulator intermediate 
portion 28 in the direction of the axis O will be 
described. As shown in FIGS. 1 and 2, at the front end 
side of the first insulator stepped portion 27 of the 
insulator 2 is formed the second insulator stepped 
portion 28. When observed in a section made by a plane 
including the axis O as shown in FIG. 2, the insulator 
intermediate diameter portion 28 extends in parallel 
with the axis O. Further, in the spark plug 100 of the 
first embodiment, assuming that Z is the axial length 
of the insulator intermediate diameter portion 28, the 
length Z of the insulator intermediate diameter 
portion 28 is adjusted so as to be in the range from 
1.0 to 6.0 mm. Namely, the axial distance between the 
front end of the first insulator stepped portion and 
the rear end (F) of the second insulator stepped 
portion is in the range from 1.0 to 6.0 mm. For this 
reason, the thermal value (heat radiation rate, 
removal of heat) of the spark plug 100 is adjusted and 
it becomes possible to improve the heat resistance and 
the fouling resistance. For example, if the length Z 
of the insulator intermediate portion 28 exceeds 6.0 
mm, the internal firing that is caused by carbon 
adhered to the front end side of the insulator 2 is 
liable to be caused. Further, if the length Z is less 
than 1-0 mm, the temperature of the front end portion 
of the spark plug becomes higher such that the heat 
resistance is largely deteriorated since the removal 
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of heat becomes worse (the thermal value is lowered) 
though the fouling resistance is increased. In the 
meantime, recognition of the effect attained by 
adjustment of the length Z of the insulator 
5 intermediate portion 28 will be described later. 

[0049] Then, description will be made as to the 
relative position between the insulator intermediate 
diameter portion 28 of the insulator 2 and the metallic 
shell smaller diameter portion 56 of the metallic shell 

10 1 . First, it is assumed that when observed in a section 
made by a plane including the axis O as shown in FIGS. 
2 and 3, E denotes the intersecting point of the 
metallic shell smaller diameter portion 56 of the 
metallic shell 1 and the second metallic shell stepped 

15 portion 57, i.e., the rear end of the second metallic 
shell stepped portion 57, and F denotes the 
intersecting point of the insulator intermediate 
diameter portion 28 of the insulator 2 and the second 
insulator stepped portion 29, i.e., the rear end of 

20 the second insulator stepped portion 29. Further, it 
is assumed that Y mm is the distance from the front 
end of the insulator 2 to the intersecting point E and 
in parallel with the axis O and X mm is the distance 
from the front end of the insulator 2 to the 

25 intersecting point E and in parallel with the axis O. 
Then, it is assumed that (Y-X) mm is the distance 
between the intersecting points E and F and in parallel 
with the axis O. When the intersecting point E, the 
intersecting point F, the length X, the length Y and 

30 the distance (Y-X) mm are assumed as described above, 
the distance (Y-X) is adjusted so as to be in the range 
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from -0.5 to 3 mm. 

[0050] By adjusting the distance (Y-X) so as to be in 
the range from -0.5 to 3 mm, the amount of heat 
transmitted from the heated insulator 2 to the metallic 
shell 1 side is adjusted suitably. For example, if the 
distance (Y-X) assumes a large minus value, the 
intersecting point F is positioned at the upper side 
(upper side in FIG. 2) of the intersecting point E, 
thus decreasing the area of the insulator intermediate 
diameter portion 28 of the insulator 2, which is 
opposite to the metallic shell smaller diameter 
portion 56 of the metallic shell 1 to make the removal 
of heat of the spark plug 100 worse. Thus, the 
temperature at the front end side of the spark plug 
100 rises, thus causing considerable deterioration of 
the heat resistance, such as occurrence of 
pre-ignition . On the other hand, if the length (X-Y) 
is too long, the length of the insulator intermediate 
diameter portion 28 in the direction of the axis O is 
increased such that the internal firing due to carbon 
adhering to the front end side of the insulator 2 is 
liable to be caused. Accordingly, by adjusting the 
distance (X-Y) so as to be in the range from -0.5 to 
3 mm, the heat resistance of the spark plug 100 can 
be improved together with the fouling resistance. In 
the meantime, the effect attained by the adjustment 
of the distance (Y-X) will be described later. 
[0051] Then, description will be made as to the plate 
packing 8 with reference to FIGS. 2 and 3 . As described 
above, the plate packing 8 that is nearly ring-shaped 
when observed in plan, is disposed in a space between 
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the first insulator stepped portion 27 and the first 
metallic shell stepped portion 55. As a material of 
the plate packing 8 is used, for example, a material 
having a high heat conductivity such as copper. If the 
5 heat conductivity of the plate packing 8 is high, the 
heat of the insulator 2 is transmitted to the first 
insulator stepped portion 55 of the insulator 1 
efficiently, thus causing removal of heat of the spark 
plug 100 to become good and making it possible to 

10 improve the heat resistance. In the meantime, more 
specifically, the material of the plate packing 8 is 
preferably a material having a heat conductivity of 
200 W/m • k or higher. Further, as a material of the 
plate packing 8 can be used a material other than copper 

15 (for example, aluminum, etc.) . In the meantime, 
description as to recognition of the effect attained 
by the material of the plate packing 8 will be made 
later , 

[0052] Further, the plate packing 8 having a high heat 
20 conductivity as described above produces a 
particularly high effect on the heat resistance of the 
spark plug 100, the designation of the thread portion 
7 of which is M12 or smaller (for example, MIO and M12) , 
as compared with the case where a conventional soft 
25 steel packing is used. This is because in case of the 
spark plug 100, the designation of screw thread of 
which is small, i.e., M12 or smaller, the temperature 
rise of the front end portion of the spark plug is rapid 
as compared with the spark plug 100, the designation 
30 of screw thread of which is M14 for instance, such that 
the effect of removal of heat is further improved by 
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using the plat packing 8 having a high heat 
conductivity (for example, copper packing) . For this 
reason, by the spark plug 100, a large effect on 
improvement of the heat resistance can be attained. 
5 In the meantime, the effect on the heat resistance 
depending upon the material of the plate packing 8 and 
the difference of the designation of screw thread will 
be described later. 

[0053] To recognize the effect attained by the 
10 limitations of the numerical values, which have been 
described as above according to the present invention, 
the performance test of the spark plug 100 of the first 
embodiment was made in the following manner. Then, the 
result of the performance test of examples 1 to 10 will 
15 be described in sequence with reference to the graphs 
of FIGS. 4 to 13. 
(Example 1) 

First, a pre-delivery test of the spark plug 100, 
depending upon a variation of the clearance i3 will be 

20 described with reference to FIGS. 2 to 4 . FIG. 4 is 
a graph showing the result of the pre-delivery test 
of the spark plug 100 depending upon a variation of 
a minimum clearance jS ' . In the meantime, the test 
conditions of the pre-delivery test are as follows. 

25 © Test conditions of pre-delivery test 

• Engine: 4-cycle DOHC engine having a displacement 2 . 0 
liters 

•Fuel: lead-free regular gasoline 

• Oil : 5W-30 

3 0 -Room temperature: -lO^C 

•Coolant temperature: -lO'C 
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• Test pattern: JIS D1606 pattern (" method of testing 
the suitability of an automotive spark plug for use 
with an engine") 

• In the meantime, the pattern of JIS D1606 simulates 
5 travel for delivery of a vehicle in a cold season. 

[0054] First, assuming that D'l denotes the outer 
diameter of the metallic shell smaller diameter 
portion 56 shown in FIG. 2 and d'l denotes the inner 
diameter of the insulator intermediate diameter 
10 portion 28, test examples of the spark plugs 100 in 
which the minimum clearances jS ' expressed by the 
following equation were set to 0.4, 0.43, 0.45 and 0.48, 
respectively, were prepared. 
Q ' = (D ' 1-d' 1) 

15 The traveling pattern of the above- described JIS D1606 
was repeated as a single cycle until the insulation 
resistance of the spark plug 100 became IOmQ or less. 
The result is shown in the bar graph of FIG. 4. In the 
meantime, the length of the metallic shell smaller 

20 diameter portion 56 was 1.5 mm and the length from the 
J portion to the front end of the metallic shell 1 was 
12 . 9 mm. The graph of FIG . 4 shows cycles for attaining 

IOmQ (number of cycles ) for each minimum clearance jS ' 
(mm) . 

25 [0055] Herein, the " cycles for attaining IOmQ " in the 
pre-delivery test will be described. For example, the 
larger the number of cycles for attaining IOmQ , the 
less carbon is adhered to the front end side of the 
insulator 2, making it possible to determine that the 

30 insulation ability of the insulator 2 is maintained 
and the fouling resistance is good. On the contrary. 
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it can be determined that the less the number of the 
cycles, the lower the fouling resistance at the front 
end side of the insulator 2. Accordingly, in the 
following pre-delivery test, judgment was made based 
5 on such standard of judgment as described above, 

[0056] As shown in FIG. 4, with the minimum clearance 
jS '=0.4 mm, the number of cycles for attaining lOM 
Q was 8. With the minimum clearance i8 '=0.43 mm, the 
number of cycles for attaining IOmQ was 8. With the 

10 minimum clearance jS '=0.45 mm, the number of cycles for 
attaining IOmQ was 4. With the minimum clearance 
j3 '=0.48 mm, the number of cycles for attaining lOM was 
4. From comparative observation of the data of FIG. 
4, it was found that with i3 '= less than 0.45 mm, the 

15 number of cycles for attaining the IOmQ was stably 
high, i.e., eight or more. On the contrary, with the 
minimum clearance jS '=0.45 mm or less, the number of 
cycles for attaining IOmQ was reduced, i.e., four. It 
is considered that this is because the minimum 

20 clearance jS ' was adjusted so as to be a little larger 
such that unburnt gas was intruded into the engagement 
space between the insulator 2 and the metallic shell 
1 and the number of cycles for attaining IOmQ were 
decreased. From the results described as above, it is 

25 considered that the clearance jS of less than 0.45 mm 
makes it possible to improve the fouling resistance 
of the spark plug 100. Accordingly, it is judged that 
the clearance jS is preferably less than 0.45 mm. 
[0057] (Example 2) 

30 Then, the result of a heat resistance test of the 

spark plug 100, depending upon a variation of the 
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length A of the clearance jS will be described with 
reference to FIGS. 2 to 5 . FIG. 5 is a graph showing 
the result of the heat resistance test of the spark 
plug 100, depending upon a variation of the length A 
5 of the clearance jS . In the meantime, the test 
conditions of the heat resistance test are as follows. 
© Test conditions of heat resistance test 

• Engine : 4 -cycle DOHC engine having a displacement 1 . 6 
liters 

10 -Fuel: lead-free high octane gasoline 

• Room temperature/humidity: 20*^/60% 

• Oil temperature: 80*C 

• Test pattern: engine speed of 5500 rpm, WOT (for two 
minutes) 

15 • WOT means wide open throttle. 

[0058] Test examples of the spark plugs 100 in which 
the lengths A by which the clearance jS was attained 
in the space Q were set to 1 to 7 mm, respectively, 
were prepared. The engine was operated with the 

20 above-described test pattern for the heat resistance 
test and a pre-ignition occurrence advance angle was 
measured. In the meantime, the length of the metallic 
shell smaller diameter portion 56 was 1.5 mm, the 
length from the J portion to the front end of the 

25 metallic shell 1 was 12.9 mm and the minimum clearance 
0 was 0.4 mm. The result is shown by the solid line 
in FIG . 5 . In FIG . 5 , the abscissa indicates the length 
A and the ordinate indicates the pre-ignition 
occurrence angle ( " ) . In the meantime, the 

30 "pre-ignition occurrence angle" is herein intended to 
indicate the ignition advance angle at which 
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pre-ignition (ignition at too fast timing) occurs. 
[0059] Herein, "the pre-ignition occurrence angle 
being large" indicates that the heat resistance is high, 
Namely, in case of the spark plug with which 
pre-ignition is hard to be caused even when the 
ignition timing is advanced (made faster) , the time 
during which the spark plug is exposed to a fresh 
mixture is relatively short and the time during which 
the spark plug is exposed to a combustion gas is 
relatively long such that the temperature of the front 
end of the spark plug is caused to rise. For this 
reason, the resistance to pre-ignition is called the 
heat resistance. 

[0060] As shown by the solid line in FIG. 5, when A = l . 0 , 
the pre-ignition occurrence angle was 38.0 . When 
A=1.2 (mm), the pre-ignition occurrence angle was 
39.0**- When A=2, the pre-ignition occurrence angle 
was 39.5* . When A=3 and 4 , the pre-ignition occurrence 
angle was 40.5 . When A=5, the pre-ignition 
occurrence angle was 41° . When A=6, the pre-ignition 
occurrence angle was 41.5 . When A=7, the 
pre-ignition occurrence angle was 42 . When A = 1.2 

(mm) or more, the pre-ignition occurrence angle was 
represented by straight lines ascending rightward. 
Accordingly, by judging synthetically and relatively 
from the fact that the pre-ignition occurrence angle 
was decreased sharply when A=l . 0 mm, it was determined 
that the heat resistance of the spark plug 100 was 
improved when A=1.2 mm or more. 

[0061] (Example 3) 

Then, the pre-delivery endurance test of the 
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spark plug 100, depending upon a variation of the 
length A of the clearance jS will be described with 
reference to FIGS. 2 to 6 . FIG. 6 is a graph showing 
the result of the pre-delivery test of the spark plug 
5 100, depending upon a variation of the length A of the 
clearance jS . 

[0062] In the pre-delivery test, test examples of the 
spark plug 100 in which the lengths A for obtaining 
the clearance of less than 0.45 mm were set to 1 to 

10 7 mm, respectively, were prepared. The traveling 
pattern of the above-described JIS D1606 was repeated 
as a single cycle until the insulation resistance of 
the spark plug 100 became IOmQ or less. The result 
is shown by the solid line in FIG. 6. In the meantime, 

15 the length of the metallic shell smaller diameter 
portion 56 was 1.5 mm, the length from the J" portion 
to the front end of the metallic shell 1 was 12.9 mm, 
and the minimum clearance iS ' was 0.4 mm. In FIG. 6, 
the ordinate indicates the length A, and the abscissa 

20 indicates the number of cycles for attaining IOmQ . 
[00 63] As shown in FIG . 6 , when A«l , the number of cycles 
for attaining IOMQ was 6. When A=1.2, the number of 
cycles for attaining IOmQ was 7. When A=1.5, the 
number of cycles for attaining IOmQ was 8. When =2, 

25 the number of cycles for attaining IOmQ was 8. When 
A=3, the number of cycles for attaining IOmQ was 8, 
When A=4, the number of cycles for attaining IOmQ was 
7. When A=5, the number of cycles for attaining lOM 
Q was 6.5. When A=6, the number of cycles for 

30 attaining IOmQ was 4. When A=7, the number of cycles 
for attaining IOmQ was 3. The solid line in the graph 
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has a nearly parabola. By judging, on the basis of the 
result of the example 2 (refer to FIG. 5), the result 
of FIG. 4 when the length A=1.2 mm or more, it was found 
that the number cycles for attaining IOmQ was stably 
5 six or more when the length A=5 mm or less (i.e., the 
finishing point K of the length A for attaining the 
clearance i3 of the space Q is 7.9 mm or more from the 
front end face 60 of the metallic shell 1) but the number 
of cycles for attaining IOmQ was rapidly decreased to 

10 four when the length A«6 mm or more. Accordingly, it 
was determined that the fouling resistance was 
improved when the finishing point K for attaining the 
clearance jS of the space Q was 7.9 mm or more from the 
front end surface 60 of the metallic shell 1 . Further, 

15 when the length A is in the range from 1 . 5 to 3 mm (i.e., 
the finishing point K of the length A for attaining 
the clearance jS of the space Q is 9.9 mm or more from 
the front end face 60 of the metallic shell 1) , the 
number of cycles for attaining IOmQ was eight, i.e., 

20 assumed a high value, so that it was determined that 
the fouling resistance was further improved. 
[0064] (Example 4) 

Then, the result of the pre-delivery test of the 
spark plug 100, depending upon a variation of the angle 

25 6 between the insulator intermediate diameter portion 
28 and the second insulator stepped portion 29 will 
be described with reference to FIGS. 2 to 7 . FIG. 7 
is a graph showing the result of the pre-delivery test 
of the spark plug 100, depending upon a variation of 

30 the angle 6 . Test examples of the park plugs 100, in 
which the angles 6 between the insulator intermediate 
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diameter portion 28 and the second insulator stepped 
portion 29 were adjusted so as to be in the range from 
0 to 20*, were prepared. In the meantime, the test 
condition of the pre-delivery test was the same as 
5 described above. In the meantime, the minimum 
clearance jS ' was 0.4 mm, and the axial length A of the 
space Q was fixed at 3 mm. 

[0065] As shown in FIG. 7, the number of cycles for 
attaining IOmQ was 2 when the angle 6 between the 

10 insulator intermediate diameter portion 28 and the 
second insulator stepped portion 29 was o\ l", 2" 
and 3 , the number of cycles for attaining IOmQ was 
3 when 0 =4 " , 5 " and 6 ° , the number of cycles for 
attaining IOmQ was 4 when 0 = 7 * and 8 ^ , the number 

15 of cycles for attaining IOmQ was 7 when 0=9**, the 
number of cycles for attaining IOmQ was 8 when 6 =10 * , 
the number of cycles for attaining IOmQ was 9 when d 
= 15'* , and the number of cycles for attaining IOmQ was 
10 when 0 =20 ' . As shown in the graph of FIG. 7, the 

20 solid line of the graph has a nearly S-like curved shape, 
and the number of cycles for attaining IOmQ was eight 
or more, i.e., high when 0=10** or more. Accordingly, 
by relatively judging the result of FIG. 7, it was 
determined that the fouling resistance of the spark 

25 plug 100 could be improved when the angle d between 
the insulator intermediate diameter portion 28 and the 
second insulator stepped portion 29 was 10 " or more. 
[0066] (Example 5) 

Then, the heat resistance test of the spark plug 

30 100, depending upon a variation of the length Z of the 
insulator intermediate diameter portion 28 in parallel 
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with the direction of the axis O will be described with 
reference to FIGS. 2 to 8 . FIG. 8 is a graph showing 
the result of the heat resistance test on the basis 
of the length Z. Test examples of the spark plug, in 
which the lengths Z of the insulator intermediate 
diameter portion 28 in parallel with the direction of 
the axis O were set so as to be in the range from 0.5 
to 7 mm were prepared. The engine was operated with 
the above-described test pattern of the heat 
resistance test and the pre-ignition occurrence 
advance angle was measured. The result is shown by the 
solid line in FIG. 8. In the meantime, the length of 
the metallic shell intermediate diameter portion 56 
was 1.5 mm, the length from the J portion to the front 
end of the metallic shell 1 was 12.9 mm, the minimum 
clearance iS ' was 0.4 mm and the length A of the space 
Q in parallel with the direction of the axis O was fixed 
at 3 mm. In FIG. 8, the abscissa indicates the length 
of the Z portion and the ordinate indicates the 
pre-ignition occurrence advance angle (" ) for the 
spark plug 100 having each length of the Z portion. 
In the meantime, the test condition of the heat 
resistance test was the same as described above. 
[0067] As shown in FIG. 8, the pre-ignition occurrence 
angle was 35 . 5 ** when the length Z of the insulator base 
portion 28 in parallel with the direction of the axis 
O was 0.5 mm, the pre-ignition occurrence angle was 
36.5 ' when Z = l mm, the pre-ignition occurrence angle 
was 37 ° when Z = 2 mm, the pre-ignition occurrence angle 
was 37.5 when Z = 3 mm, the pre-ignition occurrence 
angle was 38 * when Z = 4 mm, the pre-ignition occurrence 
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angle was 38.5 * when Z = 5 mm, the pre-ignition 
occurrence angle was 39 when Z = 6 mm, and the 

pre-ignition occurrence angle was 39.5** when Z = 7 mm. 
As shown in FIG. 8, the solid line of FIG. 8 ascends 
5 rightward when Z=l mm or more, and the pre-ignition 
occurrence angle is decreased rapidly when Z=0.5. 
Accordingly, it was determined that the heat 
resistance of the spark plug 100 could be improved when 
Z=l mm or more. 

10 [0068] (Example 6) 

Then, the heat resistance test of the spark plug 
100 on the basis of the length Z of the insulator 
intermediate diameter portion 28 in parallel with the 
direction of the axis O will be described with 

15 reference to FIGS. 2 to 9 . FIG. 9 is a graph showing 
the result of the heat resistance test on the basis 
of the length Z. Test examples of the spark plug, in 
which the length Z of the insulator intermediate 
diameter portion 28 in parallel with the direction of 

20 the axis O were set so as to be in the range from 1 
to 8 mm were prepared. The result is shown by the solid 
line in FIG. 9. In the meantime, the length of the 
metallic shell intermediate diameter portion 56 was 
1.5 mm, the length from the J portion to the front end 

25 of the metallic shell 1 was 12.9 mm, the minimum 
clearance jS ' was 0.4 mm and the length A of the space 
Q in parallel with the direction of the axis O was fixed 
at 3 mm. In the meantime, the test condition of the 
heat resistance test was the same as described above . 

30 [0069] As shown in FIG. 9, the number of cycles for 
attaining IOmQ was 9 when the length Z of the insulator 
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intermediate diameter portion 28 in the direction of 
the axis O was 1 mm, the number of cycles for attaining 
IOmQ was 8 when Z = 2 to 5 mm, the number of cycles for 
attaining IOmQ was 7 when Z = 6 mm, the number of cycles 
5 for attaining IOmQ was 4 when Z = 7 mm, and the number 
of cycles for attaining IOmQ was 3 when Z = 8 mm. The 
solid line of FIG- 9 has an inverted S-like curved shape, 
and the number of cycles for attaining IOmQ was six 
or more, i.e., a high fouling resistance was attained 

10 when Z=6 or less. On the other hand, the number of 
cycles for attaining IOmQ was four or less, i.e., 
decreased rapidly when Z = 7 and 8 . Accordingly, it was 
determined that the fouling resistance could be 
improved when Z = 6 mm or less. Thus, from the result 

15 of the Examples 5 and example 6, it was determined that 
the heat resistance and fouling resistance of the spark 
plug 100 could be improved when the length Z of the 
insulator intermediate diameter portion 28 was within 
the range from 1 to 6 mm. 

20 [0070] (Example 7) 

Then, the heat resistance test of the spark plug 
100, depending upon a variation of the distance (Y-X) 
between the intersecting points E and F will be 
described with reference to FIGS. 2 to 10. FIG. 10 

25 shows the result of the heat resistance test of the 
spark plug 100, depending upon a variation of the 
distance (Y-X) . Test examples of the spark plug 100 
shown in FIG. 2, in which the distances (Y-X) were set 
in the range from -1 to 4 mm were prepared. The engine 

30 was operated with the above- described test pattern for 
the heat resistance test and the pre-ignition 
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occurrence advance angle was measured. The result is 
shown by the solid line in FIG. 10. In the meantime, 
the length of the metallic shell intermediate diameter 
portion 56 was 1.5 mm, the length from the J portion 
to the front end of the metallic shell 1 was 12.9 mm, 
and the minimum clearance jS ' was 0.4 mm. The length 
A of the space Q in parallel with the direction of the 
axis O was fixed at 3 mm. In FIG. 10, the abscissa 
indicates the distance (Y-X) (mm) and the ordinate 
indicates the pre-ignition occurrence angle C) . 
[0071] As shown in FIG . 10, the pre - igni t ion occurrence 
angle was 35.0 " when the distance (Y-X) between the 
intersecting points E and F along the line parallel 
with the direction of the axis O was -1 mm, the 
pre-ignition occurrence angle was 37.0 when the 
distance (Y-X) = -0.5 mm, the pre-ignition occurrence 
angle was 38 ° when the distance (Y-X) =0 mm, the 
pre-ignition occurrence angle was 38.0 " when the 
distance (Y-X) =1 mm, the pre- igni tion occurrence angle 
was 38.5 " when the distance (Y-X) =2 mm, the 
pre-ignition occurrence angle was 39.0 when the 
distance (Y-X) =3 mm, and the pre-ignition occurrence 
angle was 39.5** when the distance (Y-X) =4 mm. When 
the distance (Y-X)=-l mm, the intersecting point F is 
positioned at the side closer to the rear end of the 
spark plug 100 shown in FIGS. 1 and 2 (at the upper side 
in FIGS. 1 and 2) than the intersecting point X. 
Accordingly, as shown in FIG. 2, the area of the 
insulator intermediate diameter portion 28 of the 
insulator 2, which is opposite to the metallic shell 
smaller diameter portion 56 of the metallic shell 1 
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becomes smaller such that removal of heat of the spark 
plug 100 becomes worse. Thus, the pre-ignition 
phenomenon or the like due to increase in the 
temperature of the front end side of the spark plug 
5 100 is liable to be caused, and therefore the heat 
resistance becomes worse. Accordingly, it was 
determined that the heat resistance was improved when 
the distance (Y-X) was -0.5 mm or more. 
[0072] (Embodiment 8) 

10 Then, the result of the pre-delivery test of the 

spark plug 100, depending upon a variation of the 
distance (Y-X) between the intersecting points E and 
F will be described with reference to FIGS. 2 and 11. 
FIG. 11 is a graph showing the result of the 

15 pre-delivery test of the spark plug 100, depending upon 
a variation of the distance (Y-X) . Test examples of 
the park plug 100 shown inFIG. 2, in which the distances 
(Y-X) were set in the range from -1 to 4 , were prepared. 
The result of the test is shown by the solid line in 

20 FIG. 11. In the meantime, the test condition of the 
pre-delivery test was the same as described above. 
Further, the length of the metallic shell intermediate 
diameter portion 56 was 1.5 mm, the length from the 
J portion to the front end of the metallic shell 1 was 

25 12.9 mm, and the minimum clearance jS ' was 0.4 mm. In 
FIG. 11, the abscissa indicates the distance (Y-X) (mm) 
and the ordinate indicates the number of cycles for 
attaining IOmQ . 

[0073] As shown in FIG. 11, the number of cycles for 
30 attaining IOmQ was 6 when the distance (Y-X)=-l, the 
number of cycles for attaining IOmQ was 8 when the 
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distance (Y~X)=-0.5, the number of cycles for 
attaining IOmQ was 9 when the distance (Y-X)=0, the 
number of cycles for attaining IOmQ was 9 when the 
distance (y-X)«l, the number of cycles for attaining 
5 IOmQ was 8 when the distance {Y-X)=2, the number of 
cycles for attaining IOmQ was 8 when the distance 
{Y-X)=3, and the number of cycles for attaining lOM 
Q was 3 when the distance (Y-X)=4. As shown in the 
graph of FIG. 11, the solid line has a nearly convexly 

10 curved shape . Further, when the distance {Y-X)=4, the 
number of cycles for attaining IOmQ was 3, i.e., the 
number of cycles for attaining IOmQ was extremely 
small. It is presumed that this is because the 
distance (Y-X) became too long such that the length 

15 of the insulator intermediate diameter portion 28 in 
the direction of the axis O became longer and internal 
firing due to carbon adhered to the front end side of 
the insulator 2 became liable to be caused. Further, 
since the number of cycles for attaining IOmQ was 8 

20 even when the distance (Y-X) =-0.5, i.e., the fouling 
resistance was scarcely lowered, it was determined 
that the fouling resistance of the spark plug 100 could 
be improved when the distance (Y-X) was in the range 
from -0.5 to 3 mm. Accordingly, from the results of 

25 the Examples 7 and 8, it was determined that the heat 
resistance and the fouling resistance of the spark plug 
100 could be improved when the distance (Y-X) was in 
the range from -0.5 to 3 mm. 
[0074] (Example 9) 

30 Then, the result of the heat resistance test of 

the spark plug 100 in which copper and soft steel are 
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used as the material of the plate packing 8 will be 
described with reference to FIGS. 2 and 12. FIG. 12 
is a graph showing the result of the heat resistance 
test of the spark plug 100 in which copper is used for 
5 the plate packing 8 and the spark plug 100 in which 
soft steel is used. Test examples of the spark plug 
100, in which a conventional soft steel packing was 
used and the test examples of the spark plug 100, in 
which a copper packing was used, were prepared. The 

10 result of the test is shown by a bar graph in FIG. 12. 
In the meantime, the length of the metallic shell 
intermediate diameter portion 56 was 1 . 5 mm, the length 
from the J portion to the front end of the metallic 
shell 1 was 12.9 mm, and the minimum clearance jS ' was 

15 0.4 mm. The length A of the space Q in parallel with 
the direction of the axis O is fixed at 3 mm. In the 
meantime, in FIG. 11, the abscissa indicates the 
pre-ignition occurrence advance angle. The" test 
condition of the heat resistance test was the same as 

20 described above. 

[0075] As shown in FIG . 12, the pre- ignition occurrence 
advance angle of the spark plug 100 in which the 
conventional soft steel packing was used, was 42 * . In 
contrast to this, the pre-ignition occurrence advance 

25 angle of the spark plug 100 in which the copper packing 
was used, was 44*, i.e., ahigh value . It is considered 
that the heat of the heated insulator 2 was transmitted 
from the first insulator stepped portion 27 to the 
copper packing having a high thermal conductivity and 

30 then to the first metallic shell stepped portion 55 
of the metallic shell 1 with efficiency. Accordingly, 
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it was determined that by using a material having a 
high thermal conductivity such as copper (or aluminum) 
for the plate packing 8, the heat resistance could be 
improved suf f iciently . 
5 [0076] (Example 10) 

Then, the result of the heat resistance test of 
the spark plug, depending upon a variation of the 
thread diameter and a difference between the copper 
packing and the conventional soft steel packing will 

10 be described with reference to FIG. 13. FIG. 13 is a 
graph showing the result of the heat resistance test 
of the spark plug 100, depending upon a variation of 
the designation of screw thread (thread diameter) and 
a difference between the copper packing and the 

15 conventional soft steel packing. Test examples of the 
spark plugs 100, in which the designation of screw 
thread of the thread portion 7 was M14, M12 and MIO, 
were prepared- The result of the heat resistance test 
is shown in FIG. 13. In the meantime, the length of 

20 the metallic shell intermediate diameter portion 56 
was 1.5 mm, the length from the J portion to the front 
end of the metallic shell 1 was 12 . 9 mm, and the minimum 
clearance jS ' was 0.4 mm. In the meantime, in FIG. 13, 
the abscissa indicates the pre-ignition occurrence 

25 advance angle ( ) and the ordinate indicates the 
pre- ignition occurrence advance angle . In FIG. 13, # 
indicates the spark plug 100 in which the soft steel 
packing was used, and O indicates the spark plug 100 
in which the copper packing was used. In the meantime, 

30 the test condition of the heat resistance test was the 
same as described above. 



[0077] As shown in FIG. 13, in case of the spark plug 
100 in which the conventional soft steel packing was 
used, the pre-ignition occurrence advance angle was 
32 ' with MIO, the pre-ignition occurrence advance 
angle was 35 ° with M12, and the pre-ignition 
occurrence advance angle was 38 " with M14 . On the 
other hand, in case of the spark plug 100 in which the 
copper packing was used, the pre-ignition occurrence 
advance angle was 40.5 ° with MIO, the pre-ignition 
occurrence advance angle was 41 * with M12, and the 
pre-ignition occurrence advance angle was 42 with M14 , 
such that with any designation of screw thread, a 
higher pre-ignition occurrence advance angle than that 
in case of the spark plug 100 in which the conventional 
soft steel packing was used, was obtained- Further, 
regarding the rate of increase of the pre-ignition 
occurrence advance angle at each designation of screw 
thread in case the copper packing was used in place 
of the conventional soft steel packing, the rate of 
increase was 21.0% with MIO, the rate of increase was 
14.6% with M12, and the rate of increase was 9.5% with 
M14 . Accordingly, it was found that a higher rate of 
increase of the pre-ignition occurrence advance angle 
was obtained when the copper packing was used with a 
smaller designation of screw thread such as MIO and 
M12 . It is considered that this is because the spark 
plug 100 of a smaller designation of screw thread 
allows the temperature of the spark plug front end 
portion to rise more rapidly than the spark plug 100 
of a larger designation of screw thread and therefore 
the effect of the copper packing having a higher 
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thermal conductivity can be obtained more readily. 
Accordingly, it was determined that the heat 
resistance can be improved largely when the copper 
plate packing 8 was used for the spark plug 100 of the 
5 designation of screw thread of the thread portion 7 
being M12 or less. 

[0078] As having been describe as above, with the spark 
plug 100 according to the first embodiment of the 
present invention, the clearance jS is regulated so as 

10 to be 0.45 mm or less, whereby even when the spark plug 
is put in a condition where it is liable to be fouled, 
intrusion of unburnt gas into the space Q can be 
prevented assuredly, thus making it possible to 
improve the fouling resistance. Further, since the 

15 metallic shell smaller diameter portion 56 and the 
insulator intermediate diameter portion 28 are 
positioned adjacent to each other, the thermal value 
becomes higher and the heat resistance is improved. 
Further, the length A of the clearance jS , which is 

20 extended from the J portion of the plate packing 8 in 
the direction of the axis O is regulated so as to be 
in the range from 1 . 2 to 5 mm (preferably, in the range 
from 1 . 5 to 3 mm) , the amount of heat transmitted from 
the insulator 2 to the metallic shell 1 can be regulated 

25 suitably. Further, by regulating removal of heat 
(thermal value) of the spark plug 100, not only the 
heat resistance but the fouling resistance can be 
improved . 

[0079] Further, since the included angle 6 between 
30 the second insulator stepped portion 29 and the 
insulator intermediate portion 28 is regulated so as 
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to be 10 " or more, the space between the outer 
circumferential surface of the insulator smaller 
diameter portion 30 and the inner circumferential 
surface of the metallic shell larger diameter portion 
58 can be larger . Accordingly, internal firing is hard 
to be caused, thus making it possible to improve the 
fouling resistance . 

[0080] Since the length Z of the insulator intermediate 
diameter portion 28 in the direction of the axis O is 
regulated so as to be in the range from 1.0 to 6.0 mm, 
the length L of the spark plug 100 becomes adjustable. 
Accordingly, by suitably adjusting the thermal value 
of the spark plug, the heat resistance and the fouling 
resistance can be improved. 

[0081] Further, by regulating the relative position 
between the metallic shell smaller diameter portion 
56 and the insulator intermediate diameter portion 28, 
the amount of heat radiated from the insulator 
intermediate diameter portion 28 to the metallic shell 
smaller diameter portion 56 can be adjusted. 
Accordingly, the heat resistance and the fouling 
resistance of the spark plug 100 can be improved. 
[0082] Further, since the packing 8 is made of a 
material having a thermal conductivity of 200W/m • k or 
more (e.g., copper, aluminum, etc.), the heat of the 
heated insulator 2 is transmitted from the first 
insulator stepped portion 27 through the plate packing 
8 to the first metallic shell stepped portion 55 
efficiently. Accordingly, the removal of heat 
(amount of radiated heat) of the spark plug 100 is 
improved, thus making it possible to regulate the 
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thermal value of the spark plug 100 and improve the 
heat resistance. 

[0083] Further, the plate packing 8 made of a material 
having a high thermal conductivity such as copper, when 
5 used in the spark plug 100 of M12 or less (e.g., MIO 
and M12) the temperature of the front end portion of 
which rises rapidly, makes it possible to obtain an 
effect of improving the heat resistance of the spark 
plug 100 more assuredly. 

10 [0084] In the meantime, the present invention is not 
limited to the above-described spark plug 100 
according to the first embodiment but various 
modifications may be made thereto. Hereinafter, the 
spark plugs 200 and 300 according to the second and 

15 third embodiments will be described with reference to 
FIGS. 14 to 16. 

[0085] First, the spark plug 200 according to the 
second embodiment of the present invention will be 
described with reference to FIGS. 14 and 15. In the 

20 meantime, FIG. 14 is a longitudinal sectional view of 
the spark plug 200 in a state of being mounted on the 
engine head 46, and FIG. 15 is a graph showing the result 
of the heat resistance test of the spark plug 200, 
depending upon a variation of the distance H. In the 

25 meantime, the spark plug 200 is used for ignition in 
an internal combustion engine such as an automotive 
gasoline engine similarly to the spark plug 100 of the 
first embodiment. In the spark plug 200, the length 
from the front end portion of the thread portion 71 

30 formed on the outer peripheral surface of the metallic 
shell 1 to the front end portion of the metallic shell 
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1 is 2.5 mm or more, and the distance from the front 
end of the metallic shell 1 in the direction of the 
axis O to the J portion of the plate packing 8 is 
regulated so as to allow the front end portion of the 
5 spark plug 100 to protrude into the combustion chamber 
45 of the engine head 46 with a view to improving the 
fouling resistance of the spark plug 100. 
[0086] The spark plug 200 has almost the same structure 
as the spark plug 100 of the first embodiment 100 and 

10 differs only in that the distance H from the front end 
of the metallic shell 1 in the direction of the axis 
O to the J portion of the plate packing 8 is regulated. 
Accordingly, description will herein be made as to only 
the distance from the front end of the metallic shell 

15 1 to the J portion of the plate packing 8 in the spark 
plug 200 of the second embodiment, and description as 
to the structure of the other portion is omitted by 
using the description of the first embodiment in place 
thereof . 

20 [0087] As shown in FIG. 14, the thread portion 71 of 
the spark plug 200 of the second embodiment 200 is 
formed at the rear end side of the straight portion 
70 of the metallic shell 1. The length of the straight 
portion 70 in the direction of the axis O is regulated 

25 so as to be 2 . 5 mm or more. Herein, the distance from 
the front end of the metallic shell 1 in the direction 
of the axis O to the J portion of the plate packing 
8, which is parallel with the direction of the axis 
O is defined as a distance H. In this instance, the 

30 distance H (mm) is regulated so as to be 2 mm or more. 
Then, as shown in FIG. 14, the spark plug 200 is screwed 
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into a plug hole 43 provided to the engine head 46 and 
formed with a female thread till the gasket 10 is 
abuttingly engaged with the engine head 46 thereby 
causing the ground electrode 4, the electrode front 
5 end portion 36 of the center electrode 3 and the front 
end portion of the metallic shell 1 to be exposed to 
the inside of the combustion chamber 45. 
[0088] With the conventional wide range type spark plug, 
if the J portion of the plate packing 8 lies over a 

10 place that is spaced, toward the rear end side in the 
direction of the axis O, by 2 mm from the front end 
of the metallic shell 1 in the direction of the axis 
O (distance H=2 mm) , the thermal value of the spark 
plug is deteriorated considerably such that the spark 

15 plug can not fulfill its function due to melting of 
the insulator 2 or the like. However, with the spark 
plug 200 according to the second embodiment of the 
present invention, decrease in the thermal value 
(removal of heat) is not caused even when the distance 

20 H shown in FIG. 14 is 2 mm. 
[0089] (Example 11) 

Then, the result of the heat resistance test of 
the spark plug 200, depending upon a variation of the 
distance H will be described with reference to FIGS. 

25 14 and 15 . In the test, test examples of the spark plug 
200, in which the distance H was varied in the range 
from 0 to 6 mm were prepared. The result is shown in 
the graph of FIG. 15. In the meantime, the prepared 
test examples of the spark plug 200 were configured 

30 such that the length of the metallic shell smaller 
diameter portion 56 (refer to the spark plug 100 shown 
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in FIG. 2) was 1.5 mm and the minimum clearance j8 ' was 
0.4 mm. The length of jS in parallel with the 
direction of the axis O (refer to the metallic shell 
smaller diameter portion 56 of the spark plug 100 shown 
in FIG- 2) was fixed at 3 mm. Further, in FIG. 15, the 
ordinate indicates the pre-ignition occurrence 
advance angle and the abscissa indicates the distance 
H (mm) . In the meantime, the test condition of the heat 
resistance test was the same as described above. 
[0090] As shown in FIG . 15, the pre - igni t ion occur rence 
advance angle was 22 " when the distance H from the front 
end of the metallic shell 1 to the J portion of the 
packing 8 was zero, the pre-ignition occurrence 
advance angle was 3 0** when H = l mm, the pre-ignition 
occurrence advance angle was 3 8.0" when H=2 mm, the 
pre-ignition occurrence advance angle was 39.5 ' when 
H=3 mm, the pre-ignition occurrence advance angle was 
3 9.5 when H = 4 mm, the pre - ignition occurrence advance 
angle was 40 " when H = 5 mm, and the pre-ignition 
occurrence advance angle was 40.5** when H=6 mm. 
[0091] As shown in FIG. 15, the solid line in FIG. 15 
was in the form of a straight line ascending rightward 
till the distance H = 2 mm and nearly equally values were 
obtained when H=2 mm or more. While the conventional 
spark plug caused a rapid decrease in the thermal value 
(advance angle) when H = 2 mm or less, the spark plug 
200 scarcely caused decrease in the thermal value even 
when the distance H = 2 mm since it has an excellent heat 
resistance. Accordingly, as shown in FIG, 15, it was 
determined that when the distance H = 2 mm or more, in 
which the pre-ignition occurrence advance angle was 



held at or around 40 " , the heat resistance of the spark 
plug 200 was improved and also the fouling resistance 
was improved. 

[0092] As having been described, by the spark plug 200 
according to the second embodiment of the present 
invention, the length of the straight portion 70 of 
the metallic shell 1 is regulated so as to be 2.5 mm 
or more and the distance H (the distance from the front 
end portion of the metallic shell 1 in the direction 
of the axis O to the J portion of the plate packing 
8) was regulated so as to be 2 mm or more, whereby not 
only the ground electrode 4 and the center electrode 
3 of the spark plug but the front end side of the 
metallic shell 1 is assuredly exposed to the inside 
of the combustion chamber 45 of the engine. Further, 
since the spark plug 200 has the effect of the first 
embodiment, the thermal value is not decreased even 
when the front end side of the metallic shell 1 in the 
direction of the axis O was overheated. 

[0093] Then, a spark plug 300 according to the third 
embodiment of the present invention will be described 
with reference to FIG. 16. FIG. 16 is a fragmentary 
longitudinal sectional view showing a front end side 
principal potion of the spark plug according to the 
third embodiment of the present invention in an 
enlarged scale. In the meantime, the spark plug 300 
used for ignition in an internal combustion engine such 
as an automotive gasoline engine, similarly to the 
first and second embodiments. The spark plug 300 is 
configured so that with respect to the electrode front 
end portion 36 of the center electrode 3, which 



protrudes from the front end portion of the insulator 
2 in the direction of the axis O, a reduced diameter 
front end part of the electrode front end portion 36 
is disposed inside the through hole 6 . In the meantime, 
the spark plug 3 00 of the third embodiment has almost 
the same structure as the first embodiment and differs 
only in that a part of the electrode front end portion 
36 of the center electrode 3, which protrudes from a 
rear side opening portion of the insulator 2 in the 
direction of the axis O, is regulated. Accordingly, 
description is made as to only the electrode front end 
portion 36 of the center electrode 3 in the spark plug 
300 of the third embodiment, which protrudes from the 
front end portion of the insulator 2 in the direction 
of the axis O and description as to the structure of 
the other portion is omitted by using description of 
the first embodiment in place thereof. 
[0094] As shown in FIG. 16, the electrode front end 
portion 36 of the center electrode 3 in the spark plug 
300 of the third embodiment includes a center electrode 
larger diameter portion 74 provided at the rear end 
side in the direction of the axis O, a center electrode 
smaller diameter portion 72 disposed at the front end 
side of the center electrode larger diameter portion 
74 and having a smaller outer diameter than the center 
electrode larger diameter portion 74 and a center 
electrode stepped portion 73 connecting between the 
center electrode smaller diameter portion 72 and the 
center electrode larger diameter portion 74. In the 
meantime, it is assumed that M denotes an intersecting 
point between the center electrode stepped portion 73 



and the center electrode larger diameter portion 74 . 
Further, in the spark plug 300 of the third embodiment, 
the center electrode smaller diameter portion 72 
nearly bar-shaped is smaller in diameter than the 
center electrode smaller diameter portion of the 
conventional spark lug, with a view to improving the 
spark condition (firing condition) at the spark 
discharge gap g. By this, the area which is to be 
processed by a sel f - cleaning action is made relatively 
smaller for thereby improving the self - cleaning 
ability . 

[0095] Further, insertion is made from the front end 
side of the through hole 6 of the insulator 2 in the 
direction of the axis O. Further, as shown in FIG. 16, 
the electrode front end portion 36 of the center 
electrode 3 protrudes from the front end side opening 
portion of the insulator smaller diameter portion 30 
of the insulator 2. The intersecting point M is 
positioned at a side closer to the rear end than the 
front end part of the insulator smaller diameter potion 
30 of the insulator 2. Accordingly, the electrode 
front end portion 3 6 protruding from the open end 
portion of the insulator smaller diameter portion 30 
of the insulator 2 includes the center electrode 
smaller diameter portion 72 and part of the center 
electrode stepped portion 73. 

[0096] As shown in FIG. 16, since the intersecting 
point M is positioned inside the insulator smaller 
diameter portion 30 of the insulator 2, the edge 
portion 80 formed at the joint between the center 
electrode diameter portion 74 and the center electrode 



stepped portion 73 is positioned inside the insulator 
smaller diameter portion 30. Since the edge portion 
80 of the center electrode of the conventional spark 
plug is positioned outside the insulator smaller 
diameter portion 30, carbon or the like is adhered to 
the edge portion. When carbon is adhered to the edge 
portion 80, there may occur a case in which the edge 
serves as a base point and cooperates with the ground 
electrode to cause thereacross spark jumping. 
However, with the spark plug of the third embodiment 
300, even if, for example, carbon is adhered to the 
center electrode smaller diameter portion 72 and the 
center electrode stepped portion 73 due to the progress 
of fouling of the electrode front end portion 36, 
carbon is not adhered to the edge portion 80 since the 
edge portion 80 is not positioned on the front end side 
of the insulator smaller diameter portion 30. 
Accordingly, spark jumping caused across the edge 
portion 80 serving as the base point and the ground 
electrode 4 can be prevented and an effective counter 
measure for preventing carbon fouling can be obtained. 
Further, while the center electrode smaller diameter 
portion 72 of the sparkplug 300 of the third embodiment 
is reduced in diameter and the electric field strength 
with the spark discharge gap g is intensified, spark 
jumping to the edge portion 80 is not caused and leakage 
(leakage of electricity) to the outer peripheral 
surface of the insulator 2 does not occur since the 
edge portion 80 is not positioned at the front end side 
of the insulator smaller diameter portion 30. 
[0097] As having been described above, with the spark 
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plug 300 according to the third embodiment of the 
present invention, the intersecting point M, when 
observed in a section made by a plane including the 
axis, is positioned inside the insulator smaller 
5 diameter portion 30 of the insulator 2. Accordingly, 
the edge portion 80 formed at the joint between the 
center electrode larger diameter portion 74 and the 
center electrode stepped portion 73 is positioned 
inside the insulator smaller diameter portion 30. 

10 Since the edge portion 80 is not positioned at the front 
end side of the insulator smaller diameter portion 30, 
spark jumping across the edge portion 80 serving as 
a base point and the ground electrode 4 can be prevented 
and there does not occur leakage (leakage of 

15 electricity) to the outer peripheral surface of the 
insulator 2 . 

[0098] In the meantime, the present invention is not 
limited to the above -described specific embodiments 
but various modifications thereof may be made 
20 according to the purpose and usage within the scope 
of the present invention. 

[0099] For example, while in the spark plug 100 of this 
invention the insulator smaller diameter portion 30 
of the insulator 2 reduces in diameter toward the front 

25 end side in the direction of the axis O, this is not 
for the purpose of limitation but, as shown in FIG. 
17, a reduced diameter portion 310 may be formed at 
the front end side of an insulator 210 in the direction 
of the axis O. Further, as in a spark plug according 

30 to a second modification shown in FIG. 18, the front 
end side of an insulator 220 in the direction of the 
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axis O may be formed parallel with the direction of 
the axis O. Further, while in the spark plug 100 the 
center electrode 3 is formed with the core member 33, 
this is not for the purpose of limitation but a center 
5 electrode 320 embedded in an insulator 220 and a ground 
electrode 4 00 may be formed with insulator members 34 0 , 
respectively . 

INDUSTRIAL APPLICABILITY 
[0100] The spark plug 100 of the present invention can 

10 be applied to a spark plug used for ignition for an 
internal combustion engine such as an automotive 
gasoline engine and is useful for various spark plugs 
such as a traditional ground type spark plug, a 
semi-surface discharge type spark plug, an 

15 intermittent discharge type spark plug and a multi 
ground type spark plug. 
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